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Chemical context
As a result of the photochromic properties of alkylammonium molybdates (Arnaud-Neu & Schwing-Weill, 1974) , molybdenum chemistry is an exciting research area. A large variety of oxidoanions based on molybdenum have been synthesized and characterized with numerous counter-cations. Among these, mononuclear and binuclear anions as well as polyoxidomolybdates with a much higher nuclearity are known (Gatehouse & Leverett, 1969; Matsumoto et al. 1975; Modec et al., 2004; Mü ller & Gouzerh, 2012; Pouye et al., 2014; Sarr et al., 2018) + have been isolated in the past (Gatehouse & Leverett, 1969; Matsumoto et al., 1975; Ozeki et al., 1987; Thiele & Fuchs, 1979; Bensch et al., 1987; Sheikhshoaie & Ghazizadeh, 2013; Pouye et al., 2014) 
Structural commentary
The asymmetric unit of (I) comprises one ( i Pr 2 NH 2 ) + cation and an {MoO 2 } entity (Fig. 1) (Ozeki et al., 1987; Bensch et al., 1987; Sheikhshoaie & Ghazizadeh, 2013; Pouye et al., 2014) where the Mo-O distances vary between 1.749 (2) and 1.776 (3) + cation and the molybdate anion are present in comparison with the ( i Pr 2 NH 2 ) + cation in the title compound, the small differences in the hydrogen-bonding pattern result in slightly different Mo-O bond lengths between the two structures. On one hand this may be related to the presence of additional water molecules in (CyNH 2 ) 2 MoO 4 Á2H 2 O, on the other hand to steric hindrance between the four diisopropylammonium cations that surround each molybdate anion in (I). At least the strengths of the N-HÁ Á ÁO hydrogen bonds do not seem to have a noticeable effect on the different Mo-O distances in (I). Both hydrogen bonds are very similar in terms of NÁ Á ÁO distances and N-HÁ Á ÁO angles (Table 2) .
Supramolecular features
In the crystal structure of (I), each [MoO 4 ] 2-anion is linked to two pairs of symmetry-related diisopropylammonium cations through N-HÁ Á ÁO hydrogen bonds ( (Etter et al., 1990) . Each ring is linked to six adjacent rings giving rise to infinite layers extending parallel to (010) (Fig. 2) . The connection of the rings into a three-dimensional network structure perpendicular to this plane is shown in Fig. 3. Hydrogen-bond geometry (Å , ). 
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Figure 2
The N-HÁ Á ÁO hydrogen-bonding network in (I) (turquoise dashed lines) in a view approximately along [010].
Figure 1
Asymmetric unit view of (I) with displacement ellipsoids drawn at the 50% probability level and hydrogen atoms as spheres of arbitrary radius.
In the IR spectrum of (I) (Fig. 4a) , the bands at 899 and 786 cm À1 can be attributed to symmetric and asymmetric Mo-O stretching modes, respectively. The disopropylammonium cation is characterized by a series of vibrational bands in the 3000-2200 cm À1 region, which can be attributed to (N-H), (C-H) and combination modes. The (N-H) bending vibrations probably contribute to the signal observed at 1598 cm À1 . In the Raman spectrum of (I) (Fig. 4b) , the band at 797 cm À1 is attributed to the antisymmetric stretching mode of the [MoO 4 ] 2À molybdate anion. The symmetric vibration, s (Mo-O), in the form of a weak shoulder at 839 cm À1 in the infrared spectrum, is very intense in the Raman spectrum at 896 cm
À1
. In the high wavenumber region of the Raman spectrum, the bands between 3000 and 2800 cm À1 can be assigned to the (N-H) and (C-H) stretching vibrations of the diisopropylammonium cation.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . The structure was refined taking into account twinning by inversion (ratio of ca 4:1 between the two domains). H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms, with N-H distances of 0.89 Å and C-H distances of 0.96 Å for methyl and of 0.98 Å for methylene groups, and with U iso (H) = 1.2U eq (C,N) or 1.5U eq (C methyl ).
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research communications Figure 4 IR (a) and Raman (b) spectra of (I). Refined as an inversion twin Absolute structure parameter 0.19 (7) Computer programs: CrysAlis PRO (Rigaku OD, 2015) , SHELXS (Sheldrick, 2008) , SHELXL (Sheldrick, 2015) and OLEX2 (Dolomanov et al., 2009) . 
Bis(diisopropylazanium tetraoxomolybdate
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component inversion twin. 
